Abstract. The trihedral corner reflector, with high stability, large RCS and little change within a wide angle range, is widely used in SAR radiometric calibration. Results from airborne SAR overflights of corner reflectors are utilized to compute calibration constant, transfer function of the system and backscattering coefficient of different targets. The key step of SAR calibration is the derivation of calibration constant. In this paper, we used two methods, the peak and integral method, to compute the calibration constant. Through real flight data, we found that, using point target for SAR calibration is simple and practicable.
Introduction
The quantitative use of SAR data requires accurate calibration [1] . SAR images acquired from different sensors, different temporal or spatial can be comparative after calibration. The calibration can be divided into internal and external calibration. Internal calibration technology was designed within the SAR system used in upload machine monitoring some system parameters, such as transmit pulse power; external calibration technology refers to the use of precision calibration equipment arranged in the calibration field of ground to measure SAR system parameters, such as coefficient scaling constant and system transfer function [2] . The calibration program can be divided into two categories: the calibration based on the point targets or the distributed target. Point targets in airborne SAR radiometric calibration is much simpler than the use of distributed targets, and can achieve the necessary calibration accuracy, so point target calibration method becomes a commonly used method [3] . For point targets, two different methods have been used to relate the scattering cross section of the point target to the received energy: the peak method and the integral method. Both the methods have its merits and demerits [4] . We carried out an experiment to discuss the practicability of the two methods. The signal-to-clutter ratio (SCR) was discussed and the backscattering coefficient of typical objects were computed at last.
SAR calibration Models
According to the radar equation and SAR imaging principle, the SAR image pixel power, if corresponds to the average output power of the signal, can be described as follows:
Point target average output power: 
Distributed target average output power:
Where t P is the transmit signal power; From the formulas above, we find that there are many common elements between them. In the process of mutual comparison, these common elements can be eliminated, thereby deriving out a condensed calibration equation.
Calibration constant
Using corner reflector for SAR calibration, you need first set up a series standard angle reflectors with known scattering cross section on the ground calibration field. Through the image of the calibration field, we can relate the theoretical scattering cross-section of the standard angle reflectors ( ref  ) to the corresponding image power ( p  ) [5] , the calibration constant: In order to improve the precision, the number of samples should be as much as possible. Using the average of the measured values corresponding to the point targets as the final measurement result of the calibration, i.e. calibration constants were determined as follows:
From the description above, we can see that the key step of measuring calibration constant is how to extract the point target pulse response energy. Usually there are two methods, namely the peak method and the integral method. The peak method obtains the energy by multiplying the response peak and the equivalent resolution cell area; the integral method adopts energy by integrating a specific area of the impulse response.
Integral method
We described the point target as a 15 rows  15 samples region centered with the peak point. The structure and size of the integration region are shown in Fig. 1 . In Fig.1 , the smallest square stands for a pixel. Among them, the blue area is the energy integral region, the number of pixels is A N ; the gray region is the background area, the number of pixels is 
Peak method
In contrast to the method recommended above, one cannot avoid the explicit consideration of the range and azimuth resolution when using the estimated peak value of a reflector in an SAR image. SAR image resolution is the 3dB antenna main lobe width of impulse response. Weighted case, IRW fair width is about 20%, namely 1.2 to 1.5 pixels [6] .
Where, a b is the IRW fair width in range and azimuth. The reference [4] discussed the advantage and disadvantage of both the methods above. In this paper we had not compared the two methods, but used the ratio of the result computed in the two different methods to examine the result.
Radiometric calibration
After we got the calibration constant (k), it was easily to acquire the final calibrated image, then we detected the signal-to-clutter ratio (SCR) and the backscattering coefficient of some typical surface features to examine the accuracy of the calibration result.
Determination of sigma-nought
After relative radiometric calibration of SAR image, the image pixel power has a linear relationship with the target backscatter coefficient. The SAR images after calibration constant correction became images of backscattering coefficient, whose pixel power was a direct reflection of the target backward scattering coefficient. The system transfer function is:
Where, DN is pixel value; K is calibration constant.
Detection of signal-to-clutter ratio
We considered the maximum calibration error using a point target in a background random scene and showed it to be determined by the signal-to-clutter ratio (SCR): To measure the target signal-to-clutter ratio from an actual SAR image, the ratio of the peak power in the target impulse response to the mean background clutter power, estimated from an area located close to the target, is often used. In Fig.2 , we describes the SCR compute region. If you want to obtain a precisely calibration result, the SCR should great than 20dB. Figure 2 . SCR compute region. The red pixel is the peak point, the blue pixels are the clutter regions.
Typical surface features detection SAR data becomes
0  image after calibration. We compared some typical surface features with the records in the book "Handbook of Radar Scattering Statistics for Terrain" [7] , to check the calibration precision.
Calibration experiment

Introduction of calibration field
We used an airborne X-band SAR image acquired in Rizhao Golden Sands beach, January, 2013. The X-SAR system parameters are summarized in Table1. Figure 3 . Calibration filed, the two bright spots on the lower left are the point targets used for this calibration experiment. The left of the image, just like the marked region on the image above, with a little gray is sandy land; in the right of the image, where it is obviously rough and a little bright, is the woodland. Table. 2 shows the calibration constant computed using the peak method. 29.7683 dB The peak method requires knowledge of the equivalent rectangle system resolution which is sensitive to system focus. While the integral method is independent of actual resolution. Table.3 shows the calibration constant computed using the integral method. will also be determined. The image center incidence angle is a system parameter. If the incident angle between the short-range point and the distant point is too different, we need to consider in the changes during the entire image calibration. Table. 4 shows the SCR of the two points with their nearby region. The result, RCS = 27 dB illustrates that the calibration field meets the requirements of SAR calibration. [7] . Figure 4 . The calibrated image. The region of the red rectangle is a part of forest, which has a stable scattering intensity.
Experiment result
Conclusion
SAR radiometric calibration technology is the premise of any quantitative analysis for the study of the measured data. The quantitative relationship between the measured data and the calibrated data can be obtained through the calibration of the measuring equipment. The calibrated data laid the foundation for the application of the SAR image from different equipment, different time and different space. In this paper, we derived methods that using point targets known scattering cross section to calculate the backscatter coefficients, the system calibration constant and the system transfer function by the integral and peak method. Through the real flight data, we obtained the final image, the SCR and the average sigma nought of some typical surface features. The experiment result suggests that our calibration method is feasible. Usually airborne SAR calibration needs the correction of antenna pattern. In this X-SAR system, we had got a high precision of antenna pattern through internal calibration, so we did not detected the antenna pattern this time. In the next experiment we will do some work on the estimate of antenna pattern through external calibration to further improve the accuracy of calibration.
